Introduction
Small bowel obstruction (SBO) is one of the most common causes of hospital admission for acute abdominal pain. The most frequent etiology, adhesion due to previous laparotomy, is responsible for 65e80% of SBO cases [1e3] . The incidence of adhesive SBO after laparotomy has been estimated to be 12e17% [4e6] . Moreover, open laparotomy treatment for SBO is associated with postoperative adhesion and the recurrence of SBO. Open laparotomy is widely accepted as the standard approach for SBO in patients in whom conservative treatment fails or who present symptoms that suggest a clinical and physiological emergency such as toxemia or ischemia.
Laparoscopy has taken the place of traditional laparotomy as an elective treatment for a number of conditions. It is associated with a lower rate of morbidity and shorter hospitalization. As laparoscopic surgery is becoming a treatment option in emergency surgery for acute cholecystitis, acute appendicitis, and peptic ulcer perforation, SBO could be a candidate for adaptation to laparoscopic surgery. Bastug et al. first reported the successful performance of laparoscopic adhesiolysis in 1991 [7] . Since then, the laparoscopic approach to SBO has been expanded and carefully investigated. SBO was previously considered to be a contraindication to laparoscopic surgery because of the narrow working space and difficulties in manipulating the dilated bowel loops, which increase the risk of enterotomy. In these two decades, several cohort studies have shown that the laparoscopic approach has advantages over open laparotomy, including reduced pain, faster recovery, and reduced morbidity [3,8e13] . Moreover, laparoscopy is thought to be associated with a reduced incidence of postoperative adhesion in comparison to laparotomy [8, 14, 15] , and the laparoscopic approach has been shown to significantly reduce the incidence of SBO in comparison to laparotomy [16] . Thus, the laparoscopic approach to SBO is an attractive alternative to laparotomy.
In surgery for SBO, the open and laparoscopic approaches have their own advantages and disadvantages. When deciding the surgical approach, the condition of the patient and the complexity of the procedure must be considered. There is no consensus on the appropriate settings for laparoscopic surgery. The purpose of this study is to evaluate the outcomes of laparoscopic surgery for SBO.
Patients and methods
This retrospective study is a case series performed in single center. From January 2012 to May 2016, 48 consecutive patients underwent surgery for SBO in our department. Conventional open surgery and laparoscopic surgery were performed in 34 and 14 cases respectively. Four of the 14 patients who underwent laparoscopic surgery required conversion to open laparotomy. The clinical features and short-term outcomes of the patients who underwent laparoscopic surgery were retrospectively compared with those of the patients who underwent open surgery. We also compared the clinical features of the converted cases and the cases in which laparoscopic surgery was accomplished.
In deciding the surgical approach, the condition of the patient, the surgeon's experience and preference, and the complexity of the procedure were considered. Among laparoscopic cases, an extended port site short incision was made in 6 patients for intestinal resection, anastomosis and to check the bowel. In these cases, laparoscopic surgery was considered to have been accomplished. With regard to the etiology of SBO, band obstruction was considered independent from adhesion in the present analysis, because the complexity of the surgical procedure for releasing the band is generally very different from adhesiolysis. The diameter of the small bowel was measured by CT or a small bowel series taken just before surgery. Postoperative complications that were greater than class II (according to the Clavien-Dindo classification) were taken into account.
The categorical data were compared using the chi-squared test and Fisher's exact test. Continuous variables were compared using the Mann-Whitney U test. The statistical analyses were performed using the JMP software program (version 12.0 SAS Institute Inc., Cary, NC, USA). P values of <0.05 were considered to indicate statistical significance.
The study protocol was approved by the local ethics committees of the University of Tokyo (reference number: 3252-(1)), which thus met the standards of the Declaration of Helsinki in its revised version of 1975 and its amendments of 1983, 1989 and 1996. Written informed consent was obtained from all of the patients. This work has been reported in line with the PROCESS criteria [17] .
Results
We experienced 48 consecutive SBO patients who underwent surgical treatment. The patients' demographic characteristics and clinical features are summarized in Table 1 Table 2 shows the preoperative data of the patients who underwent open and laparoscopic surgery. Surgery was initiated with a laparoscopic approach in 14 patients (29.2%) and open approach in 34 patients (70.8%). There was no difference between the two procedures of approach. A laparoscopic approach was selected for patients in whom strangulation (n ¼ 5) or ascites (n ¼ 7) was detected on CT. Preoperative decompression was not underwent in 4 patients with laparoscopic approach. Nine of the laparoscopic surgeries were performed in an emergency setting; 4 were performed without preoperative bowel decompression.
In the course of laparoscopic surgery, 4 patients (28.6%) were converted to open surgery. The reasons for conversion were difficulty in understanding the arrangement of the bowel, dense adhesion and to prevention injury to the dilated bowel. There were no cases of iatrogenic organ injury. The clinical features of the patients who required conversion and those who did not are shown in Table 3 . There were no differences between the two groups. In the laparoscopic surgery group, there were 8 cases in which SBO was caused by band obstruction. Laparoscopic surgery was accomplished in 7 (87.5%) of these cases; only 1 patient (12.5%) required conversion. Preoperative bowel decompression, the number of port sites and intraoperative findings of strangulation or intestinal resection were not the factors of conversion. In the 4 converted cases, the laparoscopic operation time to conversion was 11e54 min (mean, 35.8 min).
Finally, after excluding the 4 converted patients, laparoscopic surgery was accomplished in 10 patients (71.4%). Table 4 compares the 10 patients in whom laparoscopic surgery was accomplished and the 38 patients who underwent open surgery. Previous abdominal surgery was not associated with the procedure for SBO. The operative time of laparoscopic surgery (96.0 ± 53.0 min) tended to be shorter than that of open surgery (148.6 ± 84.5 min, p ¼ 0.066). Cases of SBO with strangulation were treated with open surgery significantly more frequently than laparoscopic surgery (p ¼ 0.044). Intestinal resection was performed by both procedures with no deviation. The first postoperative oral intake in the laparoscopic surgery group (mean, 4.5 days) was significantly earlier than that in the open surgery group (mean, 6 days; p ¼ 0.044). The duration of hospitalization after surgery and the postoperative complication rate did not differ between the two groups. In the short follow-up period (median, 8.5 months; range, 0.5e52.1 Table 2 The preoperative characteristics of the patients. The age and duration before surgery are shown as the median (range). The other data are shown as the number of patients. Fourteen patients were initially treated via a laparoscopic approach, 34 were treated via an open approach. Strangulation and ascites were diagnosed based on the preoperative CT findings. The age and duration before surgery are shown as the median (range); the diameter of the bowel is shown as the mean ± S.D. The other data are shown as the number of patients. Laparoscopic surgery was converted to open surgery in 4 cases, and was accomplished in 10. Strangulation was diagnosed based on the intraoperative findings. The p value for the cause of obstruction was not available. months), we found no difference between the two groups with regard to the rate of recurrence.
Discussion
In this study, we retrospectively reviewed the preliminary experience in the surgical treatment of SBO in our department, and compared the features and outcomes of patients who underwent treatment with laparoscopic and open surgery. We found that laparoscopic surgery for SBO is less invasive than open surgery and is equally feasible in selected patients. In our department, laparoscopic colorectal surgery was introduced in 2012, when it replaced traditional open surgery to become the standard treatment for colorectal cancer. Recently, we began to use laparoscopic surgery to treat SBO.
In the initial treatment of adhesive SBO, conservative management is performed; this involves decompressing the intra-bowel lumen by inserting a long or short tube. SBO can be treated conservatively in up to 90% patients without signs of strangulation or peritonitis [18] . On the other hand, emergency surgery must be performed when SBO is accompanied by strangulation.
In the early 2000s, several authors suggested that laparoscopic surgery may be inadequate for achieving adhesiolysis in patients with SBO because it might be associated with a higher risk of iatrogenic injury than conventional laparotomy [14,19e22] . However, the results of laparoscopic surgery for SBO showed improvement in the late 2000s, reflecting increased experience and expertise. Laparoscopic surgery for SBO appears to be feasible and safe when performed by trained surgeons who are usually engaged in elective laparoscopic surgery. However, there is no consensus on the selection of patients for laparoscopic surgery, and laparotomy remains the standard approach to SBO. In addition to the progression of laparoscopic equipment, advanced laparoscopic surgery training has made laparoscopic adhesiolysis an option in the surgical treatment of SBO. In the United States, 11.4% of SBO patients underwent laparoscopic surgery in 2008 [23] ; another report showed that the rate increased to 14.9% in 2014 [24] . Mancini et al. suggested that when laparoscopic adhesiolysis is applied to selected patients with SBO, there are reductions in the incidence of postoperative complications, length of stay, and cost [23] . Sajid et al. conducted a systematic review comparing laparoscopic adhesiolysis to open adhesiolysis in patients with adhesional SBO [25] . They revealed that laparoscopic adhesiolysis reduced the risk of morbidity, mortality, and surgical infections, while shortening the hospitalization period. However, the operative time and the incidence of iatrogenic enterotomy were not reduced. Other previously published systematic reviews [26, 27] also showed the benefit of laparoscopic surgery for SBO. They demonstrated that laparoscopic adhesiolysis is safe and feasible in patients with SBO. In the present study, laparoscopic approach was performed in 29.2%. Laparoscopic surgery was introduced in our department in 2012, and the first laparoscopic surgery for SBO was performed in February 2014. Since 2014, SBO was performed via a laparoscopic approach in 50% (14/28) of the cases in our department. We showed that the operative time of laparoscopic surgery tended to be shorter than that of open surgery (p ¼ 0.066). The first postoperative oral intake in patients who underwent laparoscopic surgery was significantly earlier than that in patients who underwent open surgery (p ¼ 0.044). The duration of hospitalization after surgery and the postoperative complication rate did not differ to a statistically significant extent. These results show that laparoscopic surgery for SBO is less invasive and equally feasible to open surgery. SBO caused by band occlusion may be a preferable indication to laparoscopic surgery. In our cases, laparoscopic surgery was accomplished in 7 out of the 8 (87.5%) patients who were treated for band occlusion. With regard to strangulation, 5 out of 19 patients who were diagnosed with strangulation based on the preoperative CT findings underwent surgery via a laparoscopic approach. Among the 5 patients, only 2 were diagnosed with strangulation based on the intraoperative findings; 1 patient was converted to open surgery. Finally, strangulation was found in 18 patients, only 1 (5.6%) of whom was treated by laparoscopic surgery. The indication for laparoscopic surgery in SBO patients with strangulation might be controversial. Sallinen et al. warned that previous retrospective studies have a selection bias because the easiest cases are selected for laparoscopic surgery, and conducted a multicenter prospective randomized controlled trial [28] .
Other than adhesion, the etiologies of SBO include (but are not limited to) hernia, malignancy, Crohn's disease, volvulus, and gallstone ileus. In most cases of SBO caused by internal hernia, incarceration of abdominal wall hernia, mesenteric torsion or neoplasms, conservative treatment fails and surgical treatment is required. Yao et al. described the laparoscopic management of SBO of various etiologies, and concluded that the laparoscopic approach was safe and effective, especially in patients with isolated bands, simple enteral angulation and foreign bodies or tumors [29] . There are not enough reports on the successful reduction of internal hernias by laparoscopic surgery [30, 31] . In the present study, we experienced one case in which a patient with an internal hernia was initially treated via a laparoscopic approach. However, in order to avoid damaging the dilated bowel, the case was converted to open surgery. During laparoscopic surgery for SBO, the surgeon faces concerns with regard to the possibility of iatrogenic organ injury and difficulties in bowel manipulation, which may lead to conversion to open surgery. Several studies have reported that the laparoscopic approach did not increase the risk of iatrogenic bowel injury in comparison to open surgery [14, 27, 32] . Recent reports have shown the rate of conversion to be 10e39% [24,33e36] . Two reviews showed that the laparoscopic surgery for SBO was completed in 55% [37] and 64% [3] of cases, with conversion rates of 33.5% and 29%, respectively. The common cause for conversion to laparotomy is the inability to maintain a field of vision and to control the operative field to allow for the safe and effective handling of the dilated loops of bowel. Previous reports pointed out that, extensive dense and matted adhesion, patients who have undergone more two laparotomies, the need for intestinal resection, bowel distention with a diameter of more than 4 cm, iatrogenic bowel injury, hernias, and neoplastic obstruction are the factors for conversion [20, 21, 32, 37, 38] . In our study, the conversion rate was 28.6%, and the reasons for conversion included difficulty in understanding the arrangement of the bowel, dense adhesion, and to protect the dilated bowel from injury. The decision to convert to open surgery was made after a mean of 35.8 min. The diameter of the small bowel and the preoperative decompression of the bowel were not associated with conversion.
The laparoscopic approach does not necessarily fail when conversion is needed, because the laparoscopic approach is also useful in intra-abdominal detection. In the process of detecting the cause of obstruction and in performing surgical treatment by laparoscopy, the surgeon must select the safest and most effective method at all times. Conversion is an option for accomplishing the surgical treatment. Morbidity after conversion is equal to that after primary laparotomy [39, 40] . However, the reason for conversion may affect morbidity; that is, early conversion due to poor visibility or dense adhesion are associated with significantly lower rates of morbidity than reactive conversions due to iatrogenic bowel injury [41] . In our study, there were no cases of iatrogenic organ injury. In laparoscopic surgery, we deliberately introduced the first trocar in the open method, while the other remaining trocars were inserted under laparoscopic vision. Under laparoscopy, when faced with difficult adhesion or access, we did not hesitate to convert. Wang et al. reported their experience of 46 patients with recurrent adhesive SBO and noted that there were no cases of intraoperative bowel injury, and suggested that this was probably because of their early laparoscopic intervention and meticulous atraumatic technique for handling the dilated and edematous bowel during adhesiolysis [42] . In our present report, the rates of complications did not differ between patients who underwent laparoscopic surgery and those who underwent open surgery.
The results of the present study are generally consistent with previous reports, which have indicated that laparoscopic surgery for SBO is as safe and feasible as open surgery. Conversions are necessary in some cases. The outcomes of laparoscopic surgery were not inferior. Based on the results of our preliminary study, a laparoscopic approach may be used in the surgical treatment of SBO patients with band occlusion without strangulation or dense adhesion. The present study is associated with some limitations, including its small size, retrospective nature, and short follow-up time. In order to confirm the safety of laparoscopic surgery for SBO, and to clarify the settings in which laparoscopic surgery is appropriate in the treatment of SBO, it will be necessary to perform further studies in larger numbers of patients with a long follow-up period, and a randomized control study must be undertaken.
Conclusions
Laparoscopic surgery for SBO can be safely performed in selected patients, and band occlusion may be a good indication for this procedure. However, the indications for laparoscopic surgery in cases involving strangulation still remain controversial.
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